The chemical composition of Vietnamese oil samples of the aerial parts of Clausena indica (Dalz.) Oliver and C. anisum-olens (Blanco) Merryll have been investigated using a combination of chromatographic and spectroscopic techniques. C. indica essential oil contained mainly terpinolene (53.9 and 56.1%), and myristicin (17.9 and 7.3%), whereas the major components of C. anisum-olens essential were citronellal (22.8%), geranial (21.4%) and neral (16.8%). The compositions of the investigated samples have been compared with those of essential oils from various origins.
The leaf essential oil of C. indica from India contained mostly sabinene (53.1%) and terpinen-4-ol (13.1%) [8] . Monoterpenes, β-myrcene (51.5%) and terpinolene (12.8%), have also been found as major components of fruit peel oil of Chinese origin, beside a phenylpropanoid, myristicin (24.8%) [17] . Two compositions were reported from China. The volatile oil from the leaf of C. indica was first steam distilled and then extracted with diethyl ether (EE) and ethyl acetate (EA). Curiously, the compositions of the fractions obtained were dominated by different compounds: terpinolene (53.9%), myristicin (15.3%) and 3-carene (9.7%) for the EE fraction and 4-carene (45.7%) and 2,6-bis(1,1-dimethylethyl)-4methylphenol (40.8%) for the EA fraction [18] . In contrast, myristicin was the main volatile (61.0% and 47.5%) found during headspace solid phase microextraction (HSPME) of the fresh fruit peel and the fresh leaves. The phenylpropanoid was accompanied by either β-myrcene (23.5%, fruit peel) or terpinolene (23.8%, leaves) [19] .
The first study related to C. anisum-olens essential oil dates back to 1911 and demonstrated that estragole (methyl chavicol) was the main component. Its content has been estimated at 90-95% of the whole composition, using a combination of physical and chemical techniques [20] . More recently, Molino [21] Order of elution and percentages are given on an apolar column (BP1), except for compounds with an asterisk*, percentage on polar column (BP20). RI a , RI p : retention indices measured on apolar and polar columns, respectively. Concerning Vietnamese C. indica oils, two papers reported drastically different compositions. Myristicin (35.3%) was the major component beside terpinolene (16.7%) and δ-3-carene (11.6%) of an oil sample isolated from leaves and branches collected in Melin, Vinh Phuc province [6] . In contrast, a very unusual composition, dominated by menthone (70.6%) and β-phellandrene (13.0%) has been reported for another oil sample isolated from plants collected in Nghệ An province [23] . There is no report concerned the composition of Vietnamese C. anisum-olens oil.
In order to gain more insight into the chemical composition of Vietnamese C. indica and C. anisum-olens oils, analysis of two samples of the first species and one of the second was undertaken using a combination of chromatographic and spectroscopic techniques, including 13 C NMR spectroscopy, following a computerized method developed by our group [24a-c].
Both C. indica oil samples investigated in the present study contained high amounts of terpinolene (53.9 and 56.1%), accompanied by myristicin (17.9 and 7.3%) ( Table 1) . Other monoterpene hydrocarbons present in appreciable content were δ-3-carene (8.2 and 10.0%), myrcene (3.7 and 4.1%), α-terpinene (3.1 and 2.9%), and limonene (1.7 and 2.2%). Our oil samples differed substantially from an oil sample from Vietnam characterized by the preeminence of myristicin (35.3%), although terpinolene and δ-3-carene were present in appreciable amounts [6] . They differed drastically from another oil sample of Vietnamese origin that contained menthone as its major component [23] . The composition of our samples differed also from those of other monoterpene-rich C. indica essential oils from India and China, dominated by sabinene (53.1%) and β-myrcene (51.5%), respectively [8, 17] . In contrast, our samples resembled the Chinese "oil" isolated by a two-step process (hydrodistillation followed by diethyl ether extraction) [18] . It could be pointed out that terpinolene-rich essential oils have fair economic value. Indeed, terpinolene has a broad spectrum of biological activities such as anticancer [25] , antioxidant [26] , and antifungal [27] . It was found to be the most effective pure compound of Hyptis suaveolens leaf oil evaluated for larvicidal and repellent activity against the Asian tiger mosquito, Aedes albopictus) [28] .
The composition of Vietnamese C. anisum-olens essential oil was largely dominated by the monoterpene aldehydes, citronellal Essential oil of Vietnamese Clausena indica and C. anisum-olens Natural Product Communications Vol. 9 (10) 2014 1533 (22.8%), geranial (21.4%) and neral (16.8%). Iso-geranial and isoneral were also observed to a lesser extent. Sabinene (13.5%) was the main monoterpene hydrocarbon, accompanied by α-pinene (4.3%), limonene (2.3%), α-thujene and γ-terpinene (2.0% each). Terpinen-4-ol (2.6%) was the major oxygenated monoterpene. Sesquiterpenes were present at very low or trace level, as well as phenylpropanoids.
Our oil sample differed drastically from other C. anisum-olens oils, whose chemical composition was largely dominated by the phenylpropanoids, estragole or anethole (Philippines) [19, 21] , and myristicin (China) [22a-b] . This difference in the composition of the essential oils may be due to the occurrence of varieties. Indeed, according to Molino [29] , C. anisum-olens is subdivided into three botanical varieties: i) var. 
Component identification:
Identification of the individual components was based: (i) on comparison of their GC retention indices (RI) on apolar and polar columns, determined relative to the retention times of a C 6 -C 28 n-alkane series with linear interpolation ('Target Compounds' software of Perkin-Elmer), with those of authentic compounds compiled in our laboratory-built library, except iso-neral and iso-geranial, RIs compared with literature data [34a] and (ii) on computer search using digital libraries of mass spectral data [34a,b] and comparison with published data [34c,d] and iii) by 13 C NMR spectroscopy, following the methodology developed and computerized in our laboratory, using home-made software, by comparison with spectral data of reference compounds compiled in a laboratory-built library [24a-c] . Each component which accounted at least for 0.3-0.4% in the EOs was identified by 13 C NMR spectroscopy.
